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ADAPTIVE GAS TURBINE VANL
SEPARATOR SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

The subject matter disclosed herein relates generally to
turbine engines and, more particularly, to a vane separator
system for use with a turbine engine.

At least some known turbine engines include an air inlet, a
core engine, and an exhaust flue. Within at least some known
turbine engines, continued exposure to mcoming precipita-
tion and/or other moisture may eventually produce corrosion
and/or other damage to the turbine engine. To prevent pre-
cipitation and/or other moisture from entering the turbine
engine, at least some known turbine engines include a vane
separator system that separates the particles, precipitation,
and/or other moisture from the air entering the air inlet.
Although such systems generally remove moisture from the
air entering the air inlet, known vane separator systems may
reduce air flow to the turbine engine. Performance and/or
operating efliciency of the turbine engine may decrease
depending on the severity of the reduced air flow caused by
known vane separator systems. Furthermore, there are at least
some environmental conditions during which the vane sepa-
rators are not required and any reduction 1n air flow 1s unde-
sirable.

BRIEF DESCRIPTION OF THE INVENTION

In one aspect, a method 1s provided for selectively using a
turbine engine system. A vane separator system 1s coupled to
an 1nlet filter house of a turbine engine. The vane separator
system 1ncludes a slide rail and a plurality of vanes rotatably
coupled to the slide rail. The inlet filter house 1s configured to
channel air to an air inlet of the turbine engine. A drive motor
1s coupled to the vane separator system. The drive motor 1s
operable to selectively move at least one of the vanes to
facilitate reducing an amount of moisture entering through
the air inlet.

In another aspect, a vane separator system 1s provided for
use with an inlet filter house. The vane separator system
includes a shide rail, a plurality of vanes, and a drive motor.
The slide rail has a longitudinal axis. The vanes are rotatably
coupled to the slide rail. Atleast one of the vanes 1s configured
to move along the longitudinal axis of the slide rail. The drive
motor 1s coupled to the slide rail. The drive motor 1s operable

to selectively move at least one of the vanes along the longi-
tudinal axis of the slide rail.

In yet another aspect, a turbine engine system 1s provided.
The turbine engine system includes a turbine engine, an inlet
filter house including an air duct defined therein, a vane
separator system, and a drive motor. The air duct1s configured
to channel air into the turbine engine. The vane separator
system 1s coupled to the inlet filter house. The vane separator
system 1ncludes a slide rail and a plurality of vanes rotatably
coupled to the slide rail. Atleast one of the vanes 1s configured
to move along a longitudinal axis of the slide rail. The drive
motor 1s coupled to the slide rail. The drive motor i1s operable
to selectively move at least one of the vanes along the longi-
tudinal axis of the slide rail.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic 1llustration of an exemplary turbine
engine inlet filter house;
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FIG. 2 1s a schematic view of an exemplary vane separator
system, 1n a retracted configuration, that may be used with the
turbine engine shown 1n FIG. 1; and

FIG. 3 1s a schematic view of the vane separator system
shown 1n FIG. 2 1 an expanded configuration.

DETAILED DESCRIPTION OF THE INVENTION

The methods and systems described herein include a gas
turbine engine including an adaptive gas turbine vane sepa-
rator system. The vane separator system 1s selectively actu-
atable to reduce an amount of precipitation and/or other mois-
ture from entering a gas turbine engine. Additionally, the vane
separator system 1s selectively retractable to reduce a pressure
loss of the gas turbine engine.

FIG. 1 1s a schematic illustration of an exemplary gas
turbine engine system 100 that includes an inlet filter house
102 and a gas turbine engine 104. In the exemplary embodi-
ment, 1nlet filter house 102 includes a vane separator system
200, described in further detail below. In the exemplary
embodiment, vane separator system 200 1s oriented such that
vane separator system 200 1s substantially perpendicular to
air duct 202. More specifically, in the exemplary embodi-
ment, vane separator system 200 has a longitudinal axis that
extends generally along an X-axis 204, and air duct 202 has a
longitudinal axis that extends generally along a Y-axis 206.

During operation, 1n the exemplary embodiment, ambient
air flows 1nto 1nlet filter house 102, wherein the ambient air 1s
filtered. In the exemplary embodiment, the filtered air 1s chan-
neled downstream through an air inlet 106 towards gas tur-
bine engine 104.

FIGS. 2 and 3 are each schematic illustrations of vane
separator system 200. More specifically, FIG. 2 1s a schematic
illustration of vane separator system 200 1n a retracted or
unactuated configuration 302, and FI1G. 3 1s a schematic illus-
tration of vane separator system 200 1n an expanded or actu-
ated configuration 304. In the exemplary embodiment, vane
separator system 200 1s positioned within an air duct 202 that
channels ambient air towards gas turbine engine 104. Vane
separator system 200 may be included as an integral compo-
nent 1n a newly installed construction of inlet filter house 102
and/or may be retrofitted into existing inlet filter houses 102.

In the exemplary embodiment, vane separator system 200
includes a slide rail 208 that extends generally along X-axis

204. More specifically, in the exemplary embodiment, a first
end 210 of slide rail 208 1s coupled to a first side 212 of air

duct 202 and a second end 214 of slide rail 208 1s coupled to
an opposing second side 216 of air duct 202.

In the exemplary embodiment, vane separator system 200
includes a plurality of vanes 218 that facilitate restricting
precipitation, particulates, and/or other moisture from enter-
ing gas turbine engine 104 via air duct 202. In the exemplary
embodiment, vanes 218 have a generally aerodynamic shape
that enables channeling air through air duct 202 with rela-
tively little resistance while creating a resistance suitable to
facilitate removing liquid from air channeled through air duct
202 through impingement. More specifically, 1in the exem-
plary embodiment, each vane 218 has an S-shaped cross-
sectional profile.

In the exemplary embodiment, vanes 218 are each coupled
to slide rail 208 such that adjacent vanes are selectively mov-
able to be a distance apart that enables channeling air through
air duct 202. In the exemplary embodiment, slide rail includes
an upstream portion 222, a downstream portion 226, and a
guide rail 228. In the exemplary embodiment, each vane 218
includes a first portion 220 that 1s coupled to upstream portion
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222 of slide rail 208 and a second portion 224 that 1s coupled
to downstream portion 226 of slide rail 208.

Vanes 218 are movable along slide rail 208 and, more
specifically, guide rail 228 along X-axis 204 such that a
relative lateral position of vanes 218 1s selectively vanable.
More specifically, vanes 218 are ftranslatable between
retracted configuration 302 and expanded configuration 304
to facilitate controlling an amount of air filtered by vanes 218.
In the exemplary embodiment, when vanes 218 and fully
retracted, vanes 218 are not positioned between air duct first
side 212 and air duct second side 216. Moreover, in the
exemplary embodiment, when vanes 218 are fully expanded,
vanes 218 are spaced substantially evenly between air duct
first side 212 and air duct second side 216.

In retracted configuration 302, vanes 218 are retracted into
at least one housing 230 positioned remotely from air duct
202 to permit maximum air flow to gas turbine engine 104. In
expanded configuration 304, vanes 218 facilitate reducing an
amount of precipitation and/or other moisture entering gas
turbine engine 104 via air duct 202. To move vanes 218 along
guide rail 228 between the retracted and expanded configu-
rations 302 and 304, first portion 220 1s moved at a substan-
tially similar rate as second portion 220.

Additionally, 1n the exemplary embodiment, slide rail 208
may rotate vanes 218 about a Z-axis 232, as indicated by
arrow 306, to adjust a pitch angle of vanes 218. More specifi-
cally, vanes 218 are rotatable between an open configuration
and a closed configuration to further facilitate controlling an
amount of air filtered by vanes 218. The air resistance within
air duct 202 when vanes 218 are 1n the open configuration 1s
less than the air resistance within air duct 202 when vanes 218
are 1n the closed configuration. In the exemplary embodi-
ment, vanes 218 are pivotable about a point on guide rail 228.
More specifically, in the exemplary embodiment, vanes 218
are rotatable substantially 90° 1n both the clockwise and the
counterclockwise direction from the open configuration.

In the open configuration, vanes 218 are positioned such
that each vane 218 1s substantially parallel to an orientation of
air duct 202 and/or to a direction air channeled through air
duct 202, 1.e., substantially parallel to Y-axis 206. In the
closed configuration, vanes 218 are positioned such that each
vane 218 1s substantially perpendicular to an orientation of air
duct 202 and/or to a direction air 1s channeled through air duct
202, 1.e., substantially perpendicular to Y-axis 206. To rotate
vanes 218 between the open and closed configurations about
Z-axis 232, as mndicated by arrow 306, first and second por-
tions 220 and 224 are moved at different rates. For example,
when slide rail 208 moves first portion 220 towards first end
210 at a rate that 1s greater than a rate of movement of second
portion 224, vanes 218 rotate 1n a counterclockwise direction.
Conversely, when slide rail 208 moves {first portion 220
towards second end 214 at a rate that 1s greater than a rate of
movement of second portion 224, vanes 218 rotate 1n a clock-
wise direction.

In the exemplary embodiment, vane separator system 200
includes a drive motor 234 that 1s coupled to slide rail 208.
Drive motor 234 1s configured to actuate slide rail 208 and,
more specifically, upstream portion 222 and downstream por-
tion 226, to move vane 218 and, more specifically, first por-
tion 220 and second portion 224. In the exemplary embodi-
ment, drive motor 234 1s configured to independently actuate
upstream and downstream portions 222 and 226 such that
vanes 218 may be independently moved along X-axis 204
and/or rotated about Z-axis 232.

Vanes 218 may be adjusted using any suitable structure,
configuration, arrangement, means, and/or components,
whether described and/or 1llustrated herein, such as, but not
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limited to, systems using electrical motors, hydraulic cylin-
ders, springs, and/or servomechansims. Moreover, slide rail
208 and/or drive motor 234 may be actuated by any suitable
means, whether described and/or illustrated herein, includ-
ing, without limitation, hydraulic fluid, electrical power, elec-
tro-chemical power, and/or mechanical power, such as spring
force.

In the exemplary embodiment, vane separator system 200
includes a sensor 236 that detects a parameter including an
ambient precipitation, an ambient humidity, and/or other
ambient moisture. In the exemplary embodiment, sensor 236
1s coupled 1n communication to a controller 238 such that
signals may be transmitted from sensor 236 to controller 238
for use 1n processing within controller 238.

In the exemplary embodiment, controller 238 includes a
processor that 1s programmed to perform the methods and/or
steps described herein. Further, other components described
herein may include a processor. As used herein, the term
“processor’” 1s not limited to integrated circuits referred to 1n
the art as a computer, but broadly refers to a controller, a
microcontroller, a microcomputer, a programmable logic
controller (PLC), an application specific integrated circuit,
and other programmable circuits, and these terms are used
interchangeably herein. It should be understood that a pro-
cessor and/or control system can also include memory, input
channels, and/or output channels.

In the embodiments described herein, memory may
include, without limitation, a computer-readable medium,
such as a random access memory (RAM), and a computer-
readable non-volatile medium, such as flash memory. Alter-
natively, a floppy disk, a compact disc-read only memory
(CD-ROM), a magneto-optical disk (MOD), and/or a digital
versatile disc (DVD) may also be used. Also, in the embodi-
ments described herein, mput channels may include, without
limitation, sensors and/or computer peripherals associated
with an operator interface, such as amouse and/or a keyboard.
Further, 1n the exemplary embodiment, output channels may
include, without limitation, a control device, an operator
interface momtor and/or a display.

Processors described herein process information transmit-
ted from a plurality of electrical and electronic devices that
may include, without limitation, sensors, actuators, compres-
sors, control systems, and/or monitoring devices. Such pro-
cessors may be physically located 1n, for example, a control
system, a sensor, a monitoring device, a desktop computer, a
laptop computer, a PLC cabinet, and/or a distributed control
system (DCS) cabinet. RAM and storage devices store and
transier information and instructions to be executed by the
processor(s). RAM and storage devices can also be used to
store and provide temporary variables, static (1.e., non-chang-
ing) information and istructions, or other intermediate infor-
mation to the processors during execution of istructions by
the processor(s). Executable mstructions may include, with-
out limitation, instructions for moving vanes 218 along
X-axis 204 between the retracted and expanded configura-
tions 302 and 304 and/or mstructions for rotating vanes 218
about Z-axis 232 between the open configuration and the
closed configuration. The execution of sequences of instruc-
tions 1s not limited to any specific combination of hardware
circuitry and soltware instructions.

In the exemplary embodiment, controller 238 is coupled 1n
communication to drive motor 234 for generally monitoring
and controller operation of gas turbine engine system 100
and/or some or all of the components thereof. More specifi-
cally, in the exemplary embodiment, controller 238 1s config-
ured to control drive motor 234 to actuate slide rail 208 based
on the parameters detected by sensor 236. For example, when
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sensor 234 does not detect an ambient moisture, controller
238 controls drive motor 234 to actuate slide rail 208 for
moving vanes 218 towards retracted configuration 302. Con-
versely, when sensor 234 detects an ambient moisture, con-
troller 238 controls drive motor 234 to actuate slide rail 208
for moving vanes 218 towards expanded configuration 304.

Exemplary embodiments of the adaptive gas turbine vane
separator system and methods for selectively using a gas
turbine engine including the adaptive gas turbine vane sepa-
rator system are described above in detail. The methods and
systems are not limited to the specific embodiments described
herein, but rather, steps of the methods and/or components of
the systems may be utilized independently and separately
from other steps and/or components described herein. For
example, the methods and systems described herein may have
other industrial and/or consumer applications and are not
limited to practice with gas turbine engines as described
herein. Rather, the present invention can be implemented and
utilized 1n connection with other industries.

As used herein, an element or step recited in the singular
and proceeded with the word “a” or “an” should be under-
stood as not excluding plural said elements or steps, unless
such exclusion 1s explicitly stated. Further, references to “one
embodiment” are not intended to be interpreted as excluding
the existence of additional embodiments that also incorporate
the recited features. Moreover, unless explicitly stated to the
contrary, embodiments “comprising,” “including,” or “hav-
ing”” an element or a plurality of elements having a particular
property may include additional such elements not having
that property.

This written description uses examples to disclose the
invention, mcluding the best mode, and also to enable any
person skilled in the art to practice the mvention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
1s defined by the claims, and may include other examples that
occur to those skilled 1n the art. Such other examples are
intended to be within the scope of the claims 11 they have
structural elements that do not differ from the literal language
of the claims, or if they include equivalent structural elements
with msubstantial differences from the literal language of the
claims.

What 1s claimed 1s:
1. A method for selectively using a turbine engine system,
said method comprising:
coupling a vane separator system to an inlet filter house of
a turbine engine, the vane separator system including a
slide rail and a plurality of vanes rotatably coupled to the
slide rail, wherein the inlet filter house 1s configured to
channel air to an air inlet of the turbine engine; and

coupling a drive motor to the vane separator system,
wherein the drive motor 1s operable to selectively move
at least one of the plurality of vanes between a retracted
configuration and an expanded configuration to facili-
tate reducing an amount of moisture entering through
the air inlet, wherein in the retracted configuration the
plurality of vanes are 1solated from the air channeled to
the air inlet of the turbine engine.

2. A method 1n accordance with claim 1 further comprising
coupling a sensor to the drive motor, wherein the sensor 1s
configured to detect a moisture of air channeled through the
inlet filter house, wherein the drive motor 1s configured to
actuate the slide rail based on the moisture detected by the
SEensor.

3. A method 1n accordance with claim 2 further comprising
coupling a controller to the sensor and to the drive motor,
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wherein the controller 1s configured to actuate the drive motor
based on the moisture detected by the sensor.

4. A method 1n accordance with claim 1 wherein coupling
a vane separator system further comprises orienting at least
one of the plurality of vanes to be rotatable about an axis that
1s substantially perpendicular to a longitudinal axis of the
slide rail.

5. A method 1n accordance with claim 1 further comprising,
coupling a housing to the slide rail, wherein the plurality of
vanes are configured to be selectively stored 1n the housing
when 1n the retracted configuration.

6. A method in accordance with claim 1, wherein coupling
a vane separator system further comprises coupling the vane
separator system to the turbine engine such that a longitudinal
axis of the slide rail 1s substantially perpendicular to a longi-
tudinal axis of the inlet filter house.

7. A vane separator system for use with an inlet filter house,
said vane separator system comprising:

an inlet filter house for a gas turbine comprising a duct;

a slide rail having a longitudinal axis;

a plurality of vanes rotatably coupled to said slide rail,
wherein at least one of said plurality of vanes 1s config-
ured to move along the longitudinal axis of said slide
rail; and

a drive motor coupled to said slide rail, wherein said drive
motor 1s operable to selectively move at least one of said
plurality of vanes along the longitudinal axis of said
slide rail between a retracted configuration and an
expanded configuration, wherein 1n the retracted con-
figuration the plurality of vanes are positioned remotely
from said duct.

8. A vane separator system 1n accordance with claim 7
further comprising a sensor coupled to said drive motor,
wherein said sensor 1s configured to detect an ambient mois-
ture, and wherein said drive motor 1s configured to actuate
said slide rail based on the ambient moisture detected by said
SEeNsor.

9. A vane separator system 1n accordance with claim 8
further comprising a controller coupled to said sensor and to
said drive motor, wherein said controller 1s configured to
actuate said drive motor based on the ambient moisture
detected by said sensor.

10. A vane separator system 1n accordance with claim 7,
wherein at least one of said plurality of vanes 1s rotatable
about an axis that 1s substantially perpendicular to the longi-
tudinal axis of said slide rail.

11. A vane separator system in accordance with claim 7
turther comprising a housing positioned remote from the duct
of the inlet filter house, wherein said housing 1s configured to
selectively store said plurality of vanes when said plurality of
vanes 1s 1n the retracted configuration.

12. A vane separator system 1n accordance with claim 7,
wherein the longitudinal axis of said slide rail 1s substantially
perpendicular to a longitudinal axis of an air duct of the inlet
filter house.

13. A turbine engine system comprising:

a turbine engine;

an 1nlet filter house including an air duct defined therein,
said air duct configured to channel air into said turbine
engine;

a vane separator system coupled to said inlet filter house,
wherein said vane separator system comprises a slide
rail and a plurality of vanes rotatably coupled to said
slide rail, wherein at least one of said plurality of vanes
1s configured to move along a longitudinal axis of said
slide rail; and
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a drive motor coupled to said slide rail, wherein said drive
motor 1s operable to selectively move at least one of said
plurality of vanes along the longitudinal axis of said
slide rail between a retracted configuration and an
expanded configuration, wherein 1n the retracted con- 5
figuration the plurality of vanes are 1solated from the air
being channeled through said air duct.

14. A turbine engine system 1n accordance with claim 13
turther comprising a sensor coupled to said drive motor,
wherein said sensor 1s configured to detect a moisture of air 10
channeled through said air duct, wherein said drive motor 1s
configured to actuate said slide rail based on the moisture
detected by said sensor.

15. A turbine engine system 1n accordance with claim 14
turther comprising a controller coupled to said sensor and to 15
said drive motor, wherein said controller 1s configured to
actuate said drive motor based on the moisture detected by
said sensor.

16. A turbine engine system 1n accordance with claim 13,
wherein at least one of said plurality of vanes 1s rotatable 20
about an axis that 1s substantially perpendicular to the longi-
tudinal axis of said slide rail.

17. A turbine engine system 1n accordance with claim 13
turther comprising a housing positioned remote from said air
duct, wherein said housing 1s configured to selectively store 25
said plurality of vanes when said plurality of vanes 1s in the
retracted configuration.

18. A turbine engine system 1n accordance with claim 13,
wherein the longitudinal axis of said slide rail 1s substantially
perpendicular to a longitudinal axis of said air duct. 30
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